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Science Questions

• What is the relative magnitude, variability and longer-term stability 
of current carbon stocks and associated fluxes (NPP, NEE) for the pan-
Arctic land mass?

• What are the overall spatial patterns of C source/sink activity for the 
region and the major physical mechanisms regulating this activity?

• How well do global satellite algorithms and general ecosystem model 
approaches capture stand to regional scale Arctic carbon cycle 
dynamics?



Alaska North Slope Study Region

Barrow (71º19'N 156º37'W)

Atqasuk

Landsat MSS 1977-86, Resource Data, Inc.

AVHRR, USGS

100km

Brooks Range

Foothills

Coastal Plain

Toolik Lake

Kokolik River



Photo courtesy Craig Tweedie

The Arctic Soil Carbon ReservoirThe Arctic Soil Carbon Reservoir

• > 90% total carbon of Tundra ecosystems is below ground
• Arctic SOC storage represents 14-16% (~390Pg) of global soil C pool
• Arctic SOC storage strongly regulated by soil water and temperature



Estimated Gross Primary Production (GPP) and SoilEstimated Gross Primary Production (GPP) and Soil
HeterotrophicHeterotrophic Respiration (Respiration (RhRh) for Boreal and Arctic Sites) for Boreal and Arctic Sites
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• NPP = GPP - Raut
• Net CO2 exchange (NEE) = NPP – Rh



Soil Temperature and Moisture Effects on Tundra COSoil Temperature and Moisture Effects on Tundra CO22 ExchangeExchange
(Chamber manipulation experiment, Alaska North Slope)(Chamber manipulation experiment, Alaska North Slope)

(Huemmrich et al. in prep.; Kinnoshita et al. in prep.)



Cumulative Summer Carbon Flux
Atqasuk and Barrow 2000

Kwon et al. In prep.



Approach

• Apply global satellite remote sensing (MODIS and AMSR-E) for 
quantifying regional patterns, seasonal dynamics and annual variations 
in Arctic vegetation structure (LAI) and productivity (GPP, NPP),
heterotrophic respiration (Rh) and net CO2 exchange (NEE).

• Spatial and temporal scaling and interpretation among surface 
network biophysical measurements (e.g., chambers, flux towers), 
aircraft (Sky-Arrow) and satellite based measurements, and ecosystem 
modeling.

• Exploration and development of alternative remote sensing 
technologies (e.g., HYDROS) for better regional assessment and 
monitoring of net C fluxes and associated driving processes.



Aqua Satellite Remote Sensing Information for Deriving Tundra Aqua Satellite Remote Sensing Information for Deriving Tundra 
Net CONet CO22 exchange (NEE)exchange (NEE)

AMSR-E: Environmental controls to soil respiration, Rh (10.7, 18.7, 37 GHz; Ts, F/T and Mv)

MODIS: Vegetation productivity (NPP) and structure (LAI, Landcover), Ts (LST)



Terra/AquaTerra/Aqua--MODISMODIS::
•• GPP, NPPGPP, NPP
•• Land cover, LAILand cover, LAI
•• TTsurfacesurface

AquaAqua--AMSRAMSR--EE::
•• TTsurfacesurface
•• Surface moistureSurface moisture
•• FreezeFreeze--thaw statethaw state
•• RRhh
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Arctic biome
property look-up table
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Klitr,adj = Kltr,mx*Wmult*Tmult
Ksoil,adj = Ksoil,mx*Wmult*Tmult

(1b) Klitr,adj = Kltr,mx*Wmult*Tmult
Ksoil,adj = Ksoil,mx*Wmult*Tmult
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Clitr = (LAImx – LAIgs,mn) * SLA-1(2) Clitr = (LAImx – LAIgs,mn) * SLA-1(2)
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Remote Sensing Remote Sensing 



MultiscaleMultiscale Measurements for Satellite Algorithm Development Measurements for Satellite Algorithm Development 
and Verificationand Verification
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Anticipated Results

• Comprehensive satellite-based information for Arctic C-cycle 
assessment, monitoring: 

Daily AMSR-E based Ts, Mv, F/T maps; 
Weekly/annual Rh, NEE maps
Regional maps of CO2 source/sink patterns and anomalies

• Independent validation source for regional experiments (NACP) and 
future satellite missions (OCO, HYDROS)

• Better knowledge of Arctic C-cycle dynamics and global feedbacks:
Linkages between plant, hydrologic and soil carbon processes
Current status, variability and future stability of Arctic SOC pool


